Introduction
The physiological development of the proximal femur depends on a balance of growth between the epiphysis and the growth plates of the greater trochanter and the femoral neck isthmus. In cases of SCFE the capital femoral epiphysis, including the femoral head, is displaced from the metaphysis. Usually the femoral head is tilted in a posteroinferior position in relation to the femoral neck whereas a valgus slip was rarely observed [15, 16] . Shear forces, influenced by body weight, muscle forces, and abnormal femoral orientation, appear to play a major role in the development of SCFE [1, 2, 3, 10, 13] . Some authors reported an association between SCFE and abnormal femoral angulation [4, 8, 9, 14, 17, 18, 19] . However, to our knowledge, no three-dimensional analysis of the geometry of the proximal femur without pelvis tilting and projected errors was performed. In this article, a new concept for angular measurements in cases of SCFE based on three-dimensional (3D) computer models is illustrated.
Material and Methods
Three-dimensional models based on CT data sets of 22 patients with thirty slipped capital femoral epiphyses were reviewed. The computed tomography data sets were achieved with patients in supine position and consisted of 2-5 mm contiguous, axial slices through the hip joint. Threedimensional models were constructed based on "The Visualization Toolkit" A line between the most dorsal points of the medial and lateral condyles was designated as the condyle axis (Fig. 4) . The anteversion of the femur (β) was determined as the angle between the condyle axis and the femoral neck axis (Fig. 6 ). Furthermore, the femoral shaft axis was used to measure the shaft epiphysis angle (γ) (Fig. 7) . The epiphyseal anteversion (δ) was measured between the condyle axis and the epiphyseal axis (Fig. 8) . 
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The degree of inferior slip was calculated as shaft neck angle minus shaft epiphysis angle. Posterior slip was determined as the difference between the femoral anteversion and epiphyseal anteversion. Compared with the unaffected hips, the shaft-neck angle of the affected hips was reduced by an average of 6.8˚. Femoral anteversion (β) of the affected hips was on average 5.7˚ less than that of the unaffected hips (Table 1) . 
Results
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Discussion
Plain radiographs are still used for angular measurements in cases of SCFE.
Angular measurements on plain radiographs suffer from projected errors caused by distorted positioning and superposition of anatomical structures.
Geometry of the proximal femur can be accurately measured by 2DCT
images [4, 18] . In general, cross-sections through the hip and through the knee condyles are taken. This makes it possible to determine torsion of the femoral neck and physeal torsion and does not suffer from projectional distorsion due to its cross-sectional imaging. However, it is difficult to define the femoral neck axis on 2DCT images in patients with a severely deformed femoral neck [5, 11] . In addition, CT images of the hip region in general provide only axial cross-sections and therefore without further processing of these cross-sections this methodology does not allow definition of shaft neck angle and shaft physis angle.
The pathogenesis of slipped capital femoral epiphysis is probably a multifactorial event. Several studies have established the impact of biomechanical factors [2, 4, 7, 10, 13, 19] . Shear forces caused by changed femoral geometry depending on the level of activity may lead to a slip of the femoral epiphysis [2] . In a 2DCT study Gelberman et al found a reduced degree of femoral anteversion of 1˚ (±8˚) in 25 patients with 39 unilateral or bilateral SCFE in comparison to the predicted mean amount for individuals of the same age and to the unaffected contralateral hips (n=11) [4] .
Stanitiski et al reported a relative femoral retroversion of 10.7˚ in 7 cases of SCFE [18] . Earlier studies reported that varus deformities of the femur are also associated with SCFE [9, 12, 17] . 
Conclusion
3DCT studies of the hip in SCFE allow detailed analysis of the epiphysis and the femoral neck. The results demonstrate that SCFE is associated with a reduced femoral anteversion and a reduced shaft neck angle. This should be taken into account when considering preventive in-situ-pinning of the contralateral unaffected hip.
